Abstract Vaginal microbicides are a promising means to prevent the transmission of HIV, empowering women by putting protection under their control. We have been using gel technology to develop microbicides in the intermediate texture space to overcome shortcomings of current solid and liquid forms. We recently formulated semisoft ovules from mixed polymer combinations of carrageenan and Carbopol 940P to overcome some of the flaws with our previous generation of formulations based solely on carrageenan. To determine the user acceptability of the reformulated gels, women first evaluated intact semisoft ovules before evaluating ovules that had been subjected to mechanical crushing to simulate samples that represent post-use discharge. Women then evaluated combinations of intact and discharge samples to understand how ovule textures correlated with texture of the resulting discharge samples. Carbopol concentration directly and inversely correlated with willingness to try for discharge samples and intact samples, respectively. When evaluating intact samples, women focused on the ease of inserting the product and preferred firmer samples; conversely, when evaluating discharge samples, softer samples that resulted in a smooth paste were preferred. Significant differences between samples were lost when evaluating pairs as women made varying trade-offs between their preference for ease of inserting intact ovules and acceptability of discharge appearance. Evaluating samples that represent different stages of the use cycle reveals a more holistic measure of product acceptability. Studying sensory acceptability in parallel with biophysical performance enables an iterative design process that considers what women prefer in terms of insertion as well as possibility of leakage.
Introduction
Microbicides have been an active area of research in the field of HIV prevention [1] , and vaginal microbicides are a promising method for women to self-initiate prevention [2] . Several biologically effective microbicide candidates have been discontinued in phase III clinical trials due to futility [3, 4] . Follow-up studies with clinical trial participants show that poor user adherence is a major factor influencing clinical efficacy of microbicide products [4, 5] . The microbicidal drug must be present at effective levels in the vaginal tissue to prevent viral transmission, which is only possible with good adherence to study protocols [6] . Two main classes of factors influence user adherence: a) acceptability of product features, and b) the user's social and cultural context, which includes practical limitations. Product features that influence acceptability include product characteristics (smell, color, texture, appearance) [7] , lubrication (which may affect the sexual experience) [8, 9] , leakage [7, 9, 10] , and perceived product efficacy. Social and cultural influences that hinder adherence include sigma or discrimination associated with use, partner complaints or discontent, beliefs regarding non-use by peers, potential drug side effects, or fear of harm from taking drugs when there is no illness and even mistrust of stated research goals. [5] . Practical limitations included missed visits, lack of product replenishment, conflicts with participants' schedules, and forgetfulness [5] . These two classes of factors may interact to further influence user adherence [11] . While developers have little control over various social, cultural, and practical factors, understanding them and how they influence product features can aid in the design of the product to help maximize opportunities for success in clinical trials.
Several different types of microbicides are currently in development or being tested in clinical trials [12] , including vaginal gels [13] , intravaginal rings [14, 15] , tablets [16] , and quick-dissolving films [17, 18] . Studies have compared different physical forms of microbicides to determine appropriateness based on the country and culture [12, 19, 20] . We have developed carrageenan-based semisoft suppositories that fall in the intermediate design space between solids (intravaginal rings, tablets, films, fat-based suppositories) and viscous liquids (colloquially called Bgels^in spite of not being gels in a strict rheological sense). Carrageenan-based semisoft suppositories are being developed to release the active pharmaceutical ingredient (API) and slowly disintegrate within the body so that any resultant discharge mimics vaginal mucous secretions. Our initial prototypes formulated with carrageenan alone successfully released drug [21] but did not disintegrate when exposed to a simulated vaginal environment (i.e., a small volume (5 mL) of vaginal simulant fluid at 37°C). Accordingly, we are investigating addition of other polymers, such as carbopol, to carrageenan formulations to aid with breakdown in a simulated vaginal environment. Carbopol® has been previously investigated in vaginal gel and tablet formulations because of its mucoadhesive properties [22, 23] that facilitate longer vaginal retention time for delivery of the encapsulated active pharmaceutical ingredient [24] . Carbopol® 971P-NF has been previously investigated in combination with a mixture of kappa and lambda carrageenan for spermicidal applications [25] , and Carbopol® 980 has been investigated with kappa carrageenan for mucoadhesive vaginal Bgel^formulations [23] . However, in most of these formulations, the concentrations of carrageenan or cations used prevented gel formation, and the final products remained viscoelastic liquids. Leakage and messiness have been associated with use of these viscoelastic liquids (which are commonly referred to as gels in the microbicide literature) [26] . The formulations prepared in our efforts are viscoelastic solids and have a self-supporting shape/form that facilitates manual insertion, unlike viscoelastic liquids that require an applicator. Data from our focus group studies as well as other microbicide acceptability studies have shown that applicators may not be ideal, as hiding the applicator would be necessary for covert use of the product [10, [27] [28] [29] and disposal is a burden, especially for plastic applicators. On the other hand, previous research has shown that in some cultures around the world, women are not comfortable touching parts of their reproductive system and would be more likely to use products that have an applicator [8, 30] . Therefore, we believe that there is a need for products that have potential for both manual as well as applicator-assisted insertion, based on women's preferences and cost constraints, as well as a need for the potential for covert use.
During initial formulation efforts, we observed that addition of carbopol made suppositories more susceptible to fracturing with lesser force, resulting in a product resembling a mucous-like, smooth paste upon breakdown. However, previous data show that softer suppositories were less preferred by women, as such items would be difficult to insert without an applicator [31] . When evaluating suppositories ex vivo (in the hand) with limited information regarding the life cycle of the product, women may focus disproportionately on imagined ease of insertion, especially as the orientation video shown as part of prior tests by our team may have cued participants to think about the performance of the product in terms of insertion (The video may be viewed here, http://journals. plos.org/plosone/article/asset?unique&id=info:doi/10.1371 /journal.pone.0054975.s001). In focus groups conducted by our team, we found women drew upon their experiences with other vaginal products and assumed that the suppositories presented during the testing might melt at body temperature, similar to other vaginal suppositories available to deliver deodorant, pre-biotics and vitamin E or to treat vaginal yeast infection [27] .
During testing of personal care products (e.g., lipsticks, shampoo, and skin creams), the properties of the product during application and throughout the day ultimately determine product acceptability and continued use [32, 33] . For example, in the ASTM method for descriptive skin-feel analysis of creams and lotions, evaluation techniques at different phases of use including product delivery, pickup, rubout, and afterfeel have been systematically specified [34] . Similarly, it is important for researchers to design tests that not only focus on the application/insertion of the suppositories but also on the subsequent characteristics, including feeling inside the body as well as feel and appearance of the resulting discharge. Notably, present work is part of a pre-clinical development effort, and it would not be ethical to test this product vaginally in the absence of toxicology and safety data; accordingly, we cannot collect data regarding the feeling of the product inside the body. However, evaluating the product based on the feel and appearance of the simulated discharge is still within the scope of the project.
In previous focus groups, women were given additional information on the suppositories; we explained that they do not melt inside the body (unlike other lipid-based suppositories that melt at body temperature, turning into a smooth liquid-like consistency) but instead breakdown slowly while continuously releasing medication. On further explanation, we indicated the suppositories would break under force, resulting in chunks, with the size and consistency of these depending on the formulation and firmness. Based on the discussions in these focus groups, the moderator suggested that participants rub and crush suppositories in between their palms, giving them insight into possible appearance and feel of the discharge from the product. This exercise helped in the designing the present study to evaluate the acceptability of the suppositories not only on appearance and firmness prior to and during (imagined) insertion but also while considering the potential discharge, which would conceivably play a strong role in women's continued use of the product. Prior studies with microbicides, especially gels, have indicated that leakage amount and appearance negatively affects women's acceptability of the product [10, 19, 35] . Accordingly, evaluating the characteristics of the simulated discharge was of strong interest in our development efforts.
Here, we explored how adding varying levels carbopol to our carrageenan formulations affected women's perceived effectiveness, imagined ease of insertion, willingness to try, and preferences for the new formulations. By presenting women with samples that simulate discharge, we aim to provide participants with more complete information regarding the product and receive feedback on post-use attributes. Finally, by presenting intact suppositories with corresponding simulated discharge samples, this study sheds new light on the relative importance of measuring product acceptability during different stages of use and demonstrates how women make trade-offs for an overall favorable product experience.
Methods

Materials
Commercial samples of kappa carrageenan (Gelcarin NF 911, batch number 10,707,011) were kindly provided by FMC Biopolymers (Philadelphia, PA). Carbopol 940P was purchased from VWR International. Tenofovir (TFV) was provided by Gilead Sciences (Foster City, CA) in kind. All other reagents such as sodium hydroxide and potassium chloride were purchased from VWR International (Bridgeport, NJ) and used as received.
Participant recruitment
Women (test 1 n = 99 and test 2 n = 94) were recruited as described elsewhere [36, 37] to evaluate prototypes ex vivo (in their hands) at the Sensory Evaluation Center at Penn State. All participants met the following criteria for inclusion: (a) female, (b) between 18 and 55 years of age, (c) reported having had vaginal sex with a man in the last 12 months, and (d) were willing to manipulate prototypes with their hands and evaluate them using a computer-guided assessment in an isolated test booth. All procedures were approved by the Pennsylvania State University Institutional Review Board (protocol no. 36,943). Participants provided informed consent and were reimbursed for their time.
Sample design and preparation
To study the effect of carbopol addition to carrageenan gels on user preferences, gels with varying ratios of kappa carrageenan to carbopol were prepared as shown in Table 1 . To prepare mixed gels, carrageenan and carbopol gels (in ×2 concentration) were prepared separately in 0.05 M potassium chloride (KCl) solution. Carbopol when dispersed in KCl solution has a low pH (2.5-3.5), which inhibits gelation of carrageenan. The pH of the carbopol dispersion was raised by addition of a 10 N sodium hydroxide solution (0.7:1 v/w of carbopol) per the manufacturer's instructions, and the mixture was allowed to hydrate at 40°C in a shaking incubator (150 rpm) overnight. Carrageenan gels were prepared by addition of dry kappa carrageenan powder to KCl solution, which was held at 85°C for 2 h. Carrageenan and carbopol gels were mixed by vigorous stirring and left to equilibrate at 85°C for an additional 2 h. Previous acceptability studies revealed that women preferred bullet-shaped suppositories at size 3 mL prepared from gels with a small-strain storage modulus (G′) of 12,500 Pa (25°C). As shown in Fig. 1 , bullet-shaped suppositories (31 mm long with a diameter of 11 mm) were prepared by casting in molds, as described previously [31] . The different gel formulations, prepared with varying ratios of carbopol:carrageenan, were matched rheologically in their small-strain storage modulus to have the desired G′ value of 12,500 Pa at 25°C. Small deformation rheological measurements were performed at a frequency of 1 Hz and strain of 1 % on a strain-controlled oscillatory rheometer (ARES, TA Instrument, New Castle, DE) using a cone and plate geometry (probe diameter = 25 mm, cone angle = 5.73°). The gel was loaded between the cone and plate while hot (80°C), and the edges were sealed with a light coating of mineral oil to prevent moisture evaporation. Data were recorded first on cooling to 15°C, followed by heating to 60°C at a rate of 5°C/min.
Samples for ex vivo handling by participants were presented in 0.75-oz transparent plastic cups (Solo Cup Company, Urbana, IL) labeled using three-digit blinding codes kept at 25°C with the lids sealed tightly until evaluation. To prepare Table 1 Composition of gels used to prepare suppositories matched in their small-strain storage modulus (G′ = 12,500 Pa at 25°C) samples for simulated post-coital discharge evaluation, suppositories were molded as described above. The suppositories were incubated with vaginal simulant fluid (VSF) for 4 h at 37°C, after which excess VSF was drained off, and the suppositories were placed in vacuum-sealed plastic bags to facilitate crushing. VSF was prepared as described in [38] , stored at 4°C, and equilibrated to 37°C before adding to the suppositories. The suppositories were then crushed using a rolling pin. The crushed samples (3 g, weight of a 3-mL suppository) were placed into 0.75-oz transparent plastic cups (Solo Cup Company, Urbana, IL) labeled using three-digit blinding codes with 2 ml VSF and stored at 4°C with the lids sealed tightly overnight. The samples of simulated discharge were allowed to equilibrate to room temperature prior to evaluation.
Sample evaluation instructions
Prior to sample evaluation, participants were asked to watch a 90s video, in which a female physician demonstrates how a participant should evaluate a prototype in her hand [36, 37] . Participants were instructed to (1) take the sample and put it into her non-dominant hand; (2) gently stroke the sample with the index finger of her dominant hand; (3) put the sample between her fingers and pinch gently (hand not specified verbally, shown as dominant hand in video); and (4) finally, hold the sample between her fingers and imagine she was trying to insert the sample into her vagina (hand not specified). After watching the video, participants were provided with a consent form to read. Women provided their consent to participate by signing in with the research team, where they were assigned individual ID codes and sent to the testing area. All ratings were collected using Compusense® Cloud (Guelph, ON).
Sample evaluation for test 1
Participants were presented with four samples together on one tray, a carrageenan-only suppository (control) and suppositories prepared with three different kappa carrageenan:carbopol formulations (Table 1) , all with a G′ = 12,500 Pa (25°C). Participants rated their perceived effectiveness, ease of insertion, and willingness to try on separate 100-point visual analog scales for each of the suppositories. To avoid low willingness to try ratings due to low perceived STI risk, women were asked to assume that they might need these products Bto prevent potential infections, including chlamydia, herpes, and HIV.^Verbal end anchors (e.g., not at all willing, extremely willing) were provided on the scales, and these were indented at 10 and 90 % of the scale to minimize end use avoidance. Appropriateness of firmness was assessed using five-point categorical just-about-right (JAR) scale. (Standard practice is to collect Boverall liking^ratings along with JAR data [39] ; however in our previous microbicide studies, willingness to try has been consistently used in place of liking [36] .) After various ratings were obtained for each sample, women were asked to rank all four suppositories in order from most to least preferred. Demographics, such as age, education, marital status, prior STI diagnosis, prior unplanned pregnancy, number of sexual partners in past year, and number of vaginal deliveries, were collected at the end of the test (Table 2 ). Prior experience with other vaginal products was collected using a check-all-that-apply (CATA) question, summarized in Table  3 .
Sample evaluation for test 2
Based on the results of test 1 (described below), formulations with both the highest and lowest carbopol concentrations used in the previous test (Table 1) were retained with the carrageenan-only control to explore the effect of evaluating simulated discharge on willingness to try scores. Participants first received tray 1 with three intact suppositories, which they evaluated in the same manner as test 1. After evaluating the suppositories, participants returned their tray to receive a second tray with the simulated discharge samples. Participants were instructed to remove the cup lid, visually inspect the samples, and rate the acceptability of the discharge appearance on a 100-point visual analog scale. Instructions for the evaluation of the discharge samples were provided using a demonstration video embedded in the Compusense® Cloud questionnaire. Participants were instructed to (1) using the provided spoon, scoop a small amount of sample into the palm of your non-dominant hand, and (2) using the thumb of your dominant hand, rub the sample between your thumb and palm, as shown in the video 3. Now, imagine this is how the product feels after several hours inside your body and that the sample could come out in this state during sex or with your natural discharge. Women rated their perceived effectiveness and willingness to try on separate 100-point visual analog scales and were given open-ended comment boxes to indicate what they liked or disliked about the sample presented. After evaluating all three samples, participants were asked to rank the samples in order of preference. Participants then returned the tray to receive a third tray on which pairs of samples were presented, with each pair consisting of the intact suppositories along with its corresponding simulated discharge (both of which had been previously evaluated by the participant separately on trays 1 and 2). Women were informed that the simulated discharge samples were prepared from suppositories presented on tray 1 but were manipulated to show how they might break down inside your body. Participants were then asked to consider the samples as pairs, thinking about both how the product would feel during insertion into the vagina (without an applicator) and also how it would feel and look over the next several hours considering that it may come out during sex or with their natural discharge. Given these dual considerations, they were asked to again rank the samples in order of preference. An text box was provided for participants to provide open ended (non-directed) feedback regarding the test products after evaluating all the samples on the three trays. Demographic information collected after evaluating all samples is summarized in Tables 2 and 3 .
Mechanical characterization of elongation properties of the gels
To characterize the large-deformation rheological properties of carrageenan gels upon carbopol addition, the gels were molded into oval rings (outer length of oval = 5.90 cm, center-to-center length = 2.48 cm, radius of outer arc = 1.71 cm, width of gel leg = 1.03 cm, depth of gel = 1.0 cm) and stretched in tension at 5 mm/s on two 1.4-cm aluminum dowel pins attached to a TAXT2i Texture Analyzer (Stable Micro Systems, Halsemere, Surrey, UK) [31, 40] . Eight to ten measurements of tensile force and deformation at fracture were made for each gel type and firmness. Dowel pins and the contacting surfaces of the ring were lightly coated with mineral oil to reduce friction. The force and deformation at fracture were measured to calculate the stress at fracture (σ) and strain at fracture (ε) using the equations
where σ is the true stress at fracture, F is the force at fracture, A 0 is the initial cross-sectional area (m 2 ), ΔL is the change in leg length (m), C a is the average circumference, and is the Hencky or true strain at fracture.
To quantify the change in force required to fracture suppositories upon carbopol addition to carrageenan, compression force required to fracture the symmetrical spherical suppositories (size 3 mL) was measured. As fracture behavior might be altered by exposure to vaginal fluids, we quantified the Numbers in right two columns indicate the percentage of participants (n = 99 for test 1 and n = 94 for test 2) who had used these products; data were collected using a check all that apply (CATA) question, so column totals may exceed 100 %) compression force required to fracture spherical suppositories that had been soaked in 5 mL VSF at 37°C with constant shaking. Compression force was measured at 0 (no exposure to VSF), 2, and 24 h using the compression platen probe in the TAXT2i Texture Analyzer (Stable Micro Systems, UK).
Compression force required to fracture ovules was measured while compressing it at 1 mm/s for 10 mm or until the force exceeded 100 g and the inflection point in the force curve was recorded as the compression force.
Characterization of drug release
To quantify potential changes in the drug release profile due to carbopol addition, release was compared between carrageenan-only controls and formulations with carbopol. The rate of release of the antiretroviral drug TFV was determined for spherical suppositories loaded with 40 mg TFV, based on the dose of TFV employed in clinical trials with 4 mL of 1 % TFV gel [13] . The acidic pH of TFV in water (pH = 3-4) disrupted carrageenan gel formation, as the pKa of carrageenan is 4.9. Therefore, the required concentration of TFV was dissolved in deionized water and the pH of the TFV solution was adjusted to 5.2 by addition of sodium hydroxide. Mixed gels were then prepared as described above and characterized in a rheometer (see above) to confirm that the storage modulus matched the desired value of G′ = 12,500 at 25°C within 10 %. Drug release studies were performed in 5 mL VSF in 50-mL screw cap test tubes placed in a shaking incubator at 150 rpm and 37°C for 24 h. Dissolution studies with 5 mL VSF were designed to better mimic the vaginal environment, as the average volume of vaginal fluid obtained from healthy donors has been shown to vary in the range of 0.5-8 mL/day [41, 42] .
Statistical analyses
Data were collected using Compusense® Cloud (Guelph, ON, Canada) and analyzed using JMP v9.0.2 (Cary, NC, USA).
Effects of carbopol addition on the perceived effectiveness, imagined ease of insertion, and willingness to try scores were analyzed using ANOVA, with participant as a random effect and formulation as a fixed effect. Tukey's honest significant difference (HSD) was used for post hoc comparisons, with p < 0.05 considered significant. Response distributions for the JAR categories were compared using the CochranMantel Haenszel (CMH) test [39] . Ranking data were analyzed via Friedman's test; rank sums were calculated and compared using least significant differences [43] . Similarly, the effect of suppository type on gel compression and elongation was analyzed via ANOVA. The least squares means (LSM) were then compared across different suppository types using Tukey's HSD test with p < 0.05 considered significant. For the TFV release, data in VSF mean and standard error were calculated (n = 7) for each time point. For comparing the initial rates of diffusion (0-2 h) across the suppository types, the slopes for individual samples were computed from the release data. The LSM of slopes were calculated and compared using Tukey's HSD test with p < 0.05 considered significant.
Results
Effect of carbopol addition on women's preferences
To determine the effect of carbopol addition, 99 women evaluated 4 suppositories comprising of a control (carrageenan only) and 3 different ratios of kappa carrageenan:carbopol for test 1 ( Table 1 ). The carrageenan control scored significantly higher than the carbopol-containing samples with regard to perceived effectiveness, imagined ease of insertion, and willingness to try (Fig. 2a-c) . For perceived effectiveness, there was no significant difference between the three carbopol-containing samples, indicating that carbopol addition affected perceived effectiveness but not in a concentration-dependent manner (at least in the range tested). However, carbopol concentration did influence the imagined ease of insertion and willingness to try ratings, with the highest carbopol concentration scoring significantly lower than the two lower carbopol concentrations for both ratings. The JAR data sheds light on possible reasons for this drop, as the percentage of women endorsing Btoo soft^increased with increasing carbopol concentration (Fig. 3) . As women were instructed to imagine insertion without an applicator, softer samples containing carbopol may be perceived as being difficult to manipulate for insertion, which in turn presumably affects their willingness to try ratings. The ranking distribution is consistent with the willingness to try ratings (Table 4) , with the carrageenan control being the most favored, followed by the two lower carbopol concentration samples, and the highest carbopol sample being the least favored. In test 2, 94 women evaluated 3 samples (carrageenan control and the highest and lowest carbopol concentrations from test 1). When they evaluated intact suppositories on tray 1, highest carbopol concentration sample differed significantly from the other two samples for the perceived effectiveness and willingness to try ratings as well as based on the rank sum differences (Fig. 4 and Table 5 ). Notably, we saw a concentration-dependent effect of carbopol concentration on the imagined ease of insertion ratings with the significant differences across all three samples (Fig. 4b) . Critically, when women evaluated crushed samples as simulated discharge, we saw a reversal in preferences with higher carbopol samples scoring significantly higher than the lower carbopol and carrageenan control in terms of the perceived effectiveness, discharge appearance acceptability, and willingness to try ratings (Fig. 4) . Again, we see a carbopol concentrationdependent effect on the rank sum values, but instead with the higher carbopol sample being the most preferred, followed by lower carbopol sample and the carrageenan-only control being the least preferred (Table 5) . Finally, when women evaluated sample pairs comprising the intact samples and their corresponding crushed discharge simulant, there were no significant differences in ranking among the three sample pairs (Table 5) . Even though the differences among the three formulations tested were no longer significant when women looked at pairs of intact and crushed samples, 44 % women selected the pair containing the highest carbopol concentration sample, suggesting that discharge appearance may be a bigger driving factor in the decision.
Data from our previous quantitative and qualitative work each indicate that women's vaginal product use as well as other factors (e.g., perceived risk, age, and number of vaginal deliveries) may potentially influence women's perceived effectiveness, imagined ease of insertion, and willingness to try scores for microbicide suppositories [27, 31] . Effect of individual demographic variables on perceived effectiveness, imagined ease of insertion, and willingness to try were tested using a nested ANOVA model. Women who had previously used yeast infection medications gave higher ratings for willingness to try compared to non-users (77 vs 64, p = 0.0009 in test 1 and 71 vs 61, p = 0.0323 in test 2), and these differences varied based on the formulation during test 1 (formulation × use interaction, p = 0.0017). When evaluating the crushed samples during test 2, yeast infection medication users gave higher ratings for discharge appearance acceptability (64 vs 52, p = 0.0024), perceived effectiveness (61 vs 51, p = 0.0096), and willingness to try (66 vs 50, p = 0.0007), as compared to non-users. Women who reported having been previously diagnosed with an STI gave higher willingness to try ratings compared to other women (78 vs 66, p = 0.0417 and 75 vs 62, p = 0.0185, for tests 1 and 2, respectively). Women reporting an unplanned pregnancy in test 1 gave higher imagined ease of insertion ratings (69 vs 55, p = 0.0069) compared to other women, and we saw a similar trend in test 2 that it did not reach statistical significance (61 vs 53, p = 0.1585). Finally, women with multiple (two or more) partners in the past 12 months in test 2 showed a trend for higher willingness to try ratings (71 vs 62, p = 0.0602).
Based on overall comments and stated reasons for liking/ disliking the crushed samples, women would ideally like a sample firm enough to insert without an applicator that still results in smooth discharge without visible chunks. Some women expected that the discharge would eventually dissolve into the vaginal tissue similar to lotion, as opposed to coming out in visible chunks. There was good consensus among women regarding liking of the clear nature of the discharge (irrespective of formulation), which some thought would be good for hygiene and cleanup as well as avoid suspicion from partners. As women were not provided with information regarding the way the drug would be released from the suppositories, there were several comments regarding preference governed by their perception of where the medication would be concentrated in the milieu of the discharge. Representative comments that highlight these points are given below.
At first, I did not like how the product was in bigger chunks, but after feeling it, I realized that I liked this Fig. 2 Effect of kappa carrageenan and carbopol concentration on a perceived effectiveness, b imagined ease of insertion, and c willingness to try, which were measured on a 100-point visual analog scale. Indented semantic anchors at 10 (e.g., Bnot at all willing^) and 90 (e.g., Bextremely willing^) were provided to minimize end avoidance bias. Uppercase letters denote the statistically significant differences between samples with varying carrageenan and carbopol concentrations using Tukey's honest significant difference (HSD) test feature because it seems it might stay in the body for longer this way. When touching it, it easily broke down into smoother/softer pieces. (2 % K, 0.7 % C, Caucasian age 30-34 years) The pieces were too big and hard-it would be better if it dissolved more inside the body-which would make me think it to be more effective and it would come out more like discharge and not be as disturbing for the other partner (1.75 % K, Caucasian age 25-29 years) I liked that it looked like something that already comes out of our bodies during and after sex. It seems like something I could clean up easily and comfortably. (1.5 % K, 1.1 % C, Caucasian age 18-24 years)
Characterization of elongation properties of combination gels
The stress (σ) and strain (ε) at fracture for rings prepared from the combination gels (i.e.,kappa carrageenan/carbopol) were determined to study the effect of carbopol addition on the large-scale deformation properties of the gels (Fig. 5) . The stress that gel rings could withstand before fracturing under tensile force decreased with increasing carbopol concentration. The lowest carbopol concentration gel (0.7 % C) withstood stress comparable to the kappa carrageenan control, while the two higher carbopol concentrations withstood significantly less force than the control. Conversely, the highest carbopol concentration gel withstood higher strain under tension before fracturing compared to control, with the lower two carbopol concentrations in between.
Preferably, the suppositories being developed will break down within the body releasing the medication, while also mimicking vaginal mucous secretions when they erode, so that they may be covertly eliminated. By measuring the Fig. 3 Carrageenan to carbopol ratio influences distributions of responses on a just-about-right scale for firmness from a test 1 and b test 2. X axis is the proportion of responses for each category on the just-about-right scale for firmness. Numbers inside the bars are the raw number of participants endorsing that category Table 4 Rank order of different formulations in test 1 with varying carrageenan and carbopol concentrations, in order of preference from most preferred (1) to least preferred (4) along with calculated rank sum Uppercase letters denote the statistically significant differences between the rank sum for the different formulations compression force required to fracture the ovules upon exposure to a simulated vaginal environment for 24 h, we are able to quantify the softening of the ovule expected inside the body. We measured the compression force required to fracture ovules prior to VSF exposure (depicted by 0 h in Fig. 6 ) for comparison to the forces exerted during handling and insertion as those might result in the suppository breaking. We have previously seen from results of our focus groups that if the product fractured/cracked during insertion, then women did not believe it would be effective and would chose to use another intact ovule. Here, the fracture force and distance before breaking for gels containing carbopol were significantly lower than the kappa carrageenan control for the different time points tested. The compression force and distance required to fracture ovules also decreased upon exposure to VSF; however, we did not see significant differences in the fracture force between 2 and 24 h. This may be attributed to lack of sink conditions and presence of KCl in the VSF.
Characterization of drug release
The release of TFV from spherical suppositories was characterized over 24 h in 5 mL VSF. For diffusion into 5 mL VSF, 45-50 % of the TFV was released in the first 2 h, 60 % within 6 h, and 70 % in 24 h (Fig. 7) . Previous studies with 5 mL of dissolution medium indicated that release plateaus at 24 h [21] . Recognizing the limitation of insufficient sink conditions for the 5-mL drug diffusion studies, the dissolution medium was replenished with fresh VSF at 24 h to stimulate additional release. About 85-90 % of the TFV within all the different gel combination suppositories were released in the next 24 h (Fig. 7) . There was no significant difference in the initial release rate (0-2 h) of TFV from the different combinations of carrageenan and carbopol gels as well as between the amount of TFV released at each time point over 48 h. Indented semantic anchors at 10 (e.g., Bnot at all willing^) and 90 (e.g.,
Bextremely willing^) were provided to minimize scale end avoidance bias. Uppercase letters denote the statistically significant differences between samples with varying carrageenan and carbopol concentrations across the sample type (intact suppository or crushed samples) using Tukey's honest significant difference (HSD) test
Discussion
Vaginal microbicides hold great potential to empower women with a method they can self-initiate to prevent sexual Fig. 5 Stress and strain at fracture for kappa carrageenan and carbopol combination gels, calculated using force and deformation required to fracture gel rings. Uppercase letters denote the statistically significant differences (p < 0.05) in the stress and strain between the different ratios of carrageenan:carbopol gels with differences in efficacy depending on participants' product usage and compliance to study protocol [4, 5, 13] . Women's lack of adherence to study protocols has been cited as one of the factors contributing to the decreased effectiveness of the microbicide candidates [5] . There are several factors that affect women's adherence to such protocols; some are product dependent [8, 10, 44] , while others are dependent on the social and cultural background of the place where the trials are conducted [5, 45] . While it is important to investigate social and cultural barriers to microbicide use and adherence and to devise strategies to overcome these barriers, it is also important to assess and optimize acceptability of products before advancing to the clinical trial stage, as clinical trials are expensive, time consuming, and personally invasive. Thus, it is important to only move forward with products that have been shown to be both biologically efficacious and well accepted by women.
In vivo assessment of the vehicle-be it a gel, ring, or suppository-without the drug would be the gold standard for acceptability studies; however, it is also true that women are less likely to even try certain products based on their visual appearance or concept of operation [27, 46] . Thus, the very first step in acceptability research is to understand women's beliefs related to product appearance or features, to enable the design of products that instill confidence and trust. Creative use of sensory testing methods is a good strategy to identify these beliefs using focus groups [27] , creating different product iterations and then testing them in large-scale quantitative tests [31, 36, 37] . In assessment of personal care products such as soap, shampoo, and creams; cosmetics such as lipsticks and foundations; or household products such as laundry detergents and cleaners, there are different sets of attributes that are important to the consumer across the product life cycle [47, 48] . For example, while conducting sensory testing for a shampoo, its smell, appearance, and how it feels on the hand before application are pre-use attributes that potentially influence acceptability. Factors including how the product lathers in the hand and in the hair, as well as the aroma released during application are in-use product attributes that potentially influence acceptability. Finally, the shampoo's effect on hair texture, appearance, and even smell hours after the product has been applied are post-use product attributes that potentially influence acceptability [33] . For a consumer, the sum of all these attributes provide a holistic product experience, and this holistic experience either favors or hinders continued product use. Similarly, for microbicide products, multiple preand in-use product attributes need to be considered, especially since they are relevant before, during, or after sexual experiences. Cultural and personal practices surrounding sexual activity may also shape needs or preferences for intravaginal product attributes, further supporting the need to assess acceptability throughout the microbicide product life cycle [26] .
Until now, our efforts have focused on the pre-use product attributes by assessing the perceived effectiveness, imagined ease of insertion, and willingness to try based on the product attributes such as size, shape, and firmness of suppositories [31, 36, 37] . Since this work is part of a pre-clinical development effort, we cannot ethically assess in-use intravaginal product attributes. However, we can indirectly assess some of the external in-use product attributes that may affect women's willingness to use the product by asking women to assess the appearance and feel of the simulated discharge. Based on the gel properties in the current study, there is a clear trade-off of suppository firmness with size and feel of the resulting discharge. While evaluating intact suppositories and simulated discharge, participants are specifically thinking of imagined ease of insertion and discharge appearance, respectively. However, when presented with the sample pairs with opposite trends for ratings, the ranking task compels trade-offs, which may differ among participants. Based on the importance assigned by women to the pre-or post-use features, the ranking distribution varies across participants but we do not see significant differences between samples. It is important for formulators to understand the trade-offs that are in play when making decisions regarding preferred firmness/composition, to design products that would be considered easy to insert while producing discharge that is well tolerated during and after use, including sex.
Among the women who explicitly mentioned in an open ended comment box how they made such a trade-off, women were more likely to consider the discharge appearance compared to the ease of insertion, which is reflected in the ranking distribution of the paired samples. Some women mentioned that they like the clear nature of the simulated discharge, as it would appear natural and resemble mucous secretions, which may raise fewer concerns from sexual partners and be easy to clean. Although the emphasis on covert use in the microbicide field has become less critical as some recent clinical trials have shown that women would prefer to disclose microbicide product use to primary partners [10, 20] , a product that still offers the potential for covert use would be desirable as the need for disclosure is known to be different for casual/transactional partners [49, 50] . Some of the other reasons women mentioned for liking the simulated discharge were being smooth, soft, uniform in appearance, and easy to dissolve. These reasons were mentioned for all formulations but more frequently for the higher carbopol (1.5 % K, 1.1 % C) containing samples. Impact on sexual pleasure and lubrication has been previously studied in acceptability studies for vaginal microbicides [11, 28] . The lubricating nature of vaginal gels has been shown to make sex less painful and more pleasurable. Thus, the carbopol-containing gels may have the potential to contribute to lubricity which is potentially desirable, although this would need to be explicitly tested.
Some women believed that the medication may be contained in the chunks and preferred the chunkier discharge samples, whereas others thought that the medication would be evenly distributed and preferred the smoother paste-like samples. Some women indicated that they would not believe the drug was working if large, harder chunks were present in the discharge. This idea of perceived product efficacy has emerged recently, and vaginal microbicide researchers are paying increasing attention to consumer perception and the sensory aspects of products. Morrow et al. recently explored meaning-making in relation to sensory properties of vaginal products [9, 51] and demonstrated that consumers assign beliefs about products and efficacy based on sensory properties. They in turn hypothesize that these meanings affect women's willingness to try and actual use of vaginal products. We have previously explored perceived product efficacy in terms of physical attributes of softgels using quantitative consumer tests and qualitative focus groups [37, 52] . The present test with simulated discharge furthers our understanding of use reactions based on different phases of product use. Since no differences in drug release were observed between the formulations, the consistency of the suppository or its discharge has no fundamental relation to the effectiveness of the drug; nonetheless, understanding such perceptions remains critical. Educating women about the product and how it would break down may also be vital to maintaining continued use of such delivery systems. While the discharge resulting from the breakdown of softgel ovules of different formulations inside the body is still under investigation (using modeling of different forces in the vagina), preliminary bench top experiments were used to devise methods to prepare samples to simulate post-coital discharge. As the intention of this test was to observe how women's perception of the suppositories would vary with the consistency of the simulated discharge, pressure and duration of rolling were varied to ensure that larger chunks were retained in the 1.75 % K formulation; middlesized chunks in the 2 % K, 0.7 % C formulation; and smallest chunks (almost no chunks) in the 1.5 % K, 1.1 % C formulation. This ensured a gradient in the size of the remaining pieces of the suppository after simulated breakdown, which we observed in bench top experiments (light crushing within a flexible plastic tube under a weight on a tilt table for several hours) would be similar the actual experience if these suppositories broke down in vivo. The texture of the chunks varied as a function of the formulation. The size and firmness of chunks varied inversely to the carbopol concentration, which enabled us to simultaneously determine the effect of chunk size and texture on discharge acceptability. While we understand that these samples may not be truly representative of the discharge in the vaginal environment, they still provide insight into the relationship between the size and texture of chunks and willingness to try the softgel ovules.
Ultimately, in vivo assessment by women is required to assess final product acceptability and adherence. However, there is a limit on the number of product alternatives that can be studied in clinical trials due to expense. One approach to overcome this barrier is to first assess a wider range of product concepts to narrow the field of possible products that are selected to move forward in the development process. Prior research from our team suggests that shape, size, and firmness all affected women's reported willingness to try a hypothetical microbicide, and these effects were dependent on whether or not an applicator would be provided with the microbicide [37] . The current work demonstrates that not only these initial product properties but also the post-insertion properties of the product may be vital for continued use. This is especially important for products designed as a preventative measure, where a woman would need to use the product consistently and correctly without the added complusion, pressure or incentive to use a product despite undesirable product attributes, by virtue of having an infection or specific condition requiring active treatment.
